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METHOD OF FORMING METAL GATE
STRUCTURE

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

This 1s a continuation application of an application Ser. No.
12/788,408, now U.S. Pat. No. 8,264,712, filed May 27, 2010.

The entirety of the above-mentioned patent are hereby incor-
porated by reference herein and made a part of this specifi-
cation.

FIELD OF THE INVENTION

The present invention relates to a method of forming a
metal gate structure and a method of forming a metal gate
transistor, and especially to a method of forming a metal gate
structure of a metal oxide semiconductor (MOS) transistor.

BACKGROUND OF THE INVENTION

In the field of semiconductor fabrication, the use of poly-
s1licon material 1s diverse. Having a strong resistance for heat,
polysilicon materials are commonly used to fabricate gate
clectrodes for metal-oxide semiconductor transistors. The
gate pattern fabricated by polysilicon materials 1s also used to
form self-aligned source/drain regions as polysilicon readily
blocks 1ons from entering the channel region.

However, devices fabricated by polysilicon still have many
drawbacks. In contrast to most metal, polysilicon gates are
tabricated by semiconductor materials having higher resis-
tance, which causes the polysilicon gate to work under a
much lower rate than the metal gates. On the other hand, the
conventional polysilicon gate also has faced problems such as
unavoidable depletion effect which increases equivalent
thickness of the gate dielectric layer, reduces gate capaci-
tance, and worsens a driving force of the devices. Thus, work
function metals are developed to replace the conventional
polysilicon gate to be the control electrode.

With a trend towards scaling down the MOS size, conven-
tional methods, which are used to achieve optimization, such
as reducing thickness of the gate dielectric layer, for example
the thickness of silicon dioxide layer, have faced problems
such as leakage current due to tunneling effect. In order to
keep progression to next generation, high-k materials are
used to replace the conventional silicon oxide to be the gate
dielectric layer because 1t decreases physical limit thickness
elfectively, reduces leakage current, obtains equivalent
capacitor 1n an identical equivalent oxide thickness (EOT),
and can be competent to the work function metals.

Materials of the work function metal gates should well
operate 1n both an N-type metal oxide semiconductor
(NMOS) device and a P-type metal oxide semiconductor
(PMOS) device. Accordingly, compatibility and process con-
trol for the metal gate are more complicated, meanwhile
thickness and composition controls for materials used 1n the
metal gate method have to be more precise. It 1s still a chal-
lenge to form an optimized work function metal gate to
improve the performance of MOS transistors.

SUMMARY OF THE INVENTION

The present invention provides a method of forming a
metal gate structure, so the gate stack and the gate dielectric
layer are protected from damages of the photoresist-remov-
ing process, and a bird’s beak effect of the gate dielectric layer
1s prevent.
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2

The present invention provides a method of forming a
metal gate structure 1s disclosed. First, a substrate 1s provided.
Subsequently, a gate dielectric layer, a material layer and a
poly-silicon layer are formed and stacked on the substrate.
Next, a first mask layer 1s formed on the poly-silicon layer and
a second mask layer 1s formed on the first mask layer. Next, a
patterned photoresist 1s formed on the second mask layer.
Next, portions of the second mask layer and portions of the
first mask layer are removed to form a hard mask by utilizing
the patterned photoresist as an etching mask. Furthermore,
the patterned photoresist 1s removed. Following that, portions
ol the poly-silicon layer and portions of the material layer are
removed to form a gate stack by utilizing the hard mask as an
ctching mask after removing the patterned photoresist.

The present mvention provides a method of forming a
metal gate structure 1s disclosed. First, a substrate 1s provided.
Subsequently, a gate dielectric layer, a metal compound layer
and a poly-silicon layer are formed and stacked on the sub-
strate. Next, a first mask layer 1s formed on the poly-silicon
layer and a second mask layer 1s formed on the first mask
layer. Next, a patterned photoresist 1s formed on the second
mask layer. Next, portions ol the second mask layer and
portions of the first mask layer are removed to form a hard
mask by utilizing the patterned photoresist as an etching
mask. Furthermore, the patterned photoresist 1s removed.
Following that, portions of the poly-silicon layer and portions
of the metal compound layer are removed to form a gate stack
by utilizing the hard mask as an etching mask after removing
the patterned photoresist.

Since the patterned photoresist 1s removed before forming
the gate stack, the gate stack 1s protected from damages of the
photoresist-removing process. The photoresist-removing
process does not attack the sidewalls of the gate stack, so a
bird’s beak efiect of the gate dielectric layer 1s prevent.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more readily apparent
to those ordinarily skilled 1n the art after reviewing the fol-
lowing detailed description and accompanying drawings, 1n
which:

FIGS. 1-8 illustrate a method of forming a metal gate
transistor according to a first embodiment of the present
imnvention;

FIG. 9 1llustrates a method of forming a metal gate transis-
tor according to a second embodiment of the present inven-
tion; and

FIGS. 10-12 1llustrate a method of forming a metal gate
transistor according to a third embodiment of the present
ivention.

FIGS. 13-16 1illustrate a method of forming a metal gate
transistor according to a fourth embodiment of the present
invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention will now be described more specifi-
cally with reference to the following embodiments. It 1s to be
noted that the following descriptions of preferred embodi-
ments of this mvention are presented herein for purpose of
illustration and description only. It 1s not ntended to be
exhaustive or to be limited to the precise form disclosed.

Referring to FIG. 1 through FIG. 8, FIGS. 1-8 1llustrate a
method of forming a metal gate transistor according to a first
embodiment of the present invention, and FIGS. 1-5 can also
illustrate a method of forming a metal gate structure. As
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shown 1n FIG. 1, a substrate 112, such as a silicon substrate,
a silicon-containing substrate, or a silicon-on-insulator (SOI)
substrate, 1s provided. At least one first transistor region 114
and at least one second transistor region 116 are defined in the
substrate 112. The first transistor region 114 and the second
transistor region 116 may be regions for forming active com-
ponents, such as NMOS transistors, PMOS transistors, and/or
complementary metal oxide semiconductor (CMOS) transis-
tors. In the present embodiment, for example, the first tran-
sistor region 114 and the second transistor region 116 are
regions for forming an NMOS ftransistor and a PMOS tran-
sistor respectively. A plurality of 1solation structures 118,
such as field oxide layers or shallow trench 1solation (STT)
structures, are formed 1n the substrate 112 in both the first
transistor region 114 and the second transistor region 116 by
utilizing a local oxidation (LOCOS) process or a shallow
trench 1solation process. Some of the 1solation structures 118
may surround and insulate the active component 1n the first
transistor region 114 and the second transistor region 116.

Thereafter, a gate diclectric layer 122 1s formed on the
surface of the substrate 112 1n both the first transistor region
114 and the second transistor region 116. In this embodiment,
the gate dielectric layer 122 may include an oxide layer 1224
disposed on the substrate 112, and a high-k material layer
1225 disposed on the oxide layer 122a. The oxide layer 122a
may be formed by a thermal oxidation process or a chemical
vapor deposition (CVD) process, and may include a silicon
dioxide layer or a silicon oxymitride layer. Afterwards, the
high-k material layer 1225 1s formed on the oxide layer 1224
in both the first transistor region 114 and the second transistor
region 116, and may include HIS10, HIS1ON, H1O, LaO,
LaAlO, ZrO, ZrS10, HiZrO, or a combination thereof. In
other embodiments, the gate dielectric layer 122 may be a
single layer structure or a multiple-layer structure that having
material layers more than two, and any proper dielectric
material may be included. In addition, an optional cap layer
124 and an optional cap layer 125 may be formed on the gate
dielectric layer 122 1n the first transistor region 114 and the
second transistor region 116 respectively to prevent reactions
between the high-k material layer 1225 and the following-
formed work function metal layer and/or used to adjust the
work function of the entirety of gate, and are not limited
thereot. In other embodiments, there can be no cap layer on
the surtace of the gate dielectric layer 122 1n the first transistor
region 114 and/or the second transistor region 116. In another
embodiment, the cap layer 124 on the surface of the gate
dielectric layer 122 1n the first transistor region 114 1s made of
the same materials with the cap layer 125 on the surface of the
gate dielectric layer 122 1n the second transistor region 116.

A process, such as a CVD process, a physical vapor depo-
sition (PVD) process, an atomic layer deposition (ALD) pro-
cess, a sputtering process or plasma enhanced chemaical vapor
deposition (PECVD) process, may be performed to form a
work function metal layer 126 on the gate dielectric layer 122.
Thereatter, a poly-silicon layer 128 and a compound mask
layer 108 may be formed 1n turn on the work function metal
layer 126. The work function metal layer 126 may include an
N-type work function metal or a P-type work function metal,
and the work function metal layer 126 may be a single layer
structure or a multiple-layer structure.

Regarding a material selection for the work function metal
layer 126, the work function metal layer 126 may include a
material with a resistance lower than 100 p-ohm-cm, such as
pure metal, metal alloy, metal oxide, metal nitride, metal
oxynitride, metal silicides, metal carbide or other metal com-
pounds. In a case of forming both a NMOS transistor and a
PMOS ftransistor, such as 1 a case of forming a CMOS
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4

transistor, the fermi level of the metal gate preferably
approaches to the mid-gap of silicon material. Therefore, the
critical voltage (Vth) of the NMOS transistor and the critical
voltage of the PMOS transistor may be adjusted to correspond
with each other. In addition, the material of the metal gate
preferably has great steadiness under high-temperature, good
blocking ability from impurities, and great adhesion 1n the
present invention. Thus, the possibility of the matenal of the
gate penetrating into the substrate or the dielectric layer due to
pollution may be etlectively reduced, and also the possibility
of impurities from penetrating nto the gate, and peeling
clifect may be effectively reduced. For example, the work
function metal layer 126 may preferably include titanium
nitride (TiN), tantalum nitride (TaN), tantalum carbide (TaC)
or tungsten nitride (WN). In other embodiments, different
work function metal layers may be formed in the first tran-
sistor region 114 and the second transistor region 116 for the
NMOS transistor and the PMOS transistor respectively. In
addition, an 1on 1mplanting process or a surface treatment
may be performed on the work function metal layer, the
process recipes of the work function metal layer may be
adjusted, the number of the work function metal may be
increase or decrease in the present invention to provide proper
work function value or other needed characteristics for dif-
terent types of transistors.

The compound mask layer 108 may include silicon dioxide
(510,), silicon nitride (SiN), silicon carbide (S1C), silicon
oxynitride (S10N) or the combination thereot. In this embodi-
ment, the step of forming the compound mask layer 108 may
preferably include the step of forming a first mask layer 104
onthe poly-silicon layer 128; and the step of forming a second
mask layer 106 on the first mask layer 104. While an selective
epitaxial growth (SEG) process 1s included 1n the following
procedure, the first mask layer 104 and the second mask layer
106 preferably include a nitride layer and an oxide layer
respectively, but not limited thereto. In addition, 1n order to
provide a gate structure having a great profile in the following,
etching process, the thickness of the compound mask layer
108 may be substantially 1n a range from 100 angstroms to
1000 angstroms, and the actual thickness be adjusted as
require.

As shown 1n FIG. 2, a patterned photoresist 102 1s formed
on the compound mask layer 108. The patterned photoresist
102 can be a single layer or a multi-layer structure. The
patterning processes using the multi-layer photoresist can
provide a smaller critical dimension for providing a better
precision ol the semiconductor devices. For example, the
patterned photoresist 102 of the present invention can actu-
ally include a multi-layer structure consisting of any one of a
normal photoresist layer, such as I-line photoresist, a silicon-
containing material layer, such as APF, bottom anti-reflection
coating (BARC) or top anti-reflection coating (TARC), and a
short-wavelength photoresist layer, such as DUV photoresist,
and the short-wavelength photoresist layer for example may
include the photoresist layer used for 193 nm of wavelength.

As shown 1 FIG. 3, one or more etching steps may be
carried out on portions of the compound mask layer 108 to
remove portions of the second mask layer 106 and portions of
the first mask layer 104, so as to form a compound hard mask
108a. The compound hard mask 108a can include the first
hard mask 1044 and the second hard mask 1064. Next, a
trimming process may be optionally performed on the first
hard mask 104qa to further improve the critical dimension, but
not limited thereto. In other embodiments, a trimming pro-
cess may be performed on the second hard mask 1064, both
the first hard mask 104a and the second hard mask 1064, or no

trimming process 1s performed in the present invention.
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As shown 1n FIG. 4, the patterned photoresist 102 can next
removed after the compound hard mask 108a 1s performed.
For example, an ashing process may be performed to peel off
the patterned photoresist 102. Since the gate structure 1s not
formed at this time yet, the process of removing the patterned
photoresist 102 does not hurt the follow-up gate stack. Thus,
the sidewall of the gate stack is protected, and a bird’s beak
elfect of the gate dielectric layer 122 can be avoided.

As shown 1 FIG. 35, one or more etching steps may be
carried out on portions of the poly-silicon layer 128, portions
of the work function metal layer 126 and portions of the gate
dielectric layer 122 to form metal gate stacks in the first
transistor region 114 and the second transistor region 116 for
the NMOS transistor and the PMOS ftransistor respectively,
and the substrate 112 may be exposed. Take this embodiment
as an example, an anisotropic or 1sotropic dry etching process
may be performed on the poly-silicon layer 128 and the work
function metal layer 126 by utilizing the compound hard
mask 108a as an etching mask to form metal gate stacks of the
present invention, and thereafter a wet etching process may be
performed by utilizing the compound hard mask 108a as an
etching mask to remove portions of the gate dielectric layer
122. In the step of forming the gate stacks, the compound hard
mask 108a may be thinned in the above-mentioned dry etch-
ing process. For example, the second hard mask 106a may be
removed by the above-mentioned dry etching process, while
the first hard mask 104a may remain in this embodiment, but
not limited thereto. In other embodiments, the step of forming
the gate stacks may remove both the first hard mask 104a and
the second hard mask 106a, or may leave both the first hard
mask 104a and the second hard mask 106a.

As shown 1n FIG. 6, offset spacers 132 and spacers 134
may be formed on sidewalls of the metal gate stacks, lightly
doping regions 136a and lightly doping regions 13656 may
optionally be formed 1n the first transistor region 114 and the
second transistor region 116 respectively, and a procedure of
defining positions of epitaxial regions may be carried out. The
procedure of defining positions ol epitaxial regions may
include steps of forming a cap layer 138 covering top surfaces
of the substrate 112 and the gate stacks overall to define a
space between the gate stacks and the follow-up epitaxial
regions; and optionally forming another mask layer 140, such
as a patterned photoresist, 1n the first transistor region 114 to
protect the first transistor region 114. The cap layer 138 and
the first hard mask 104a preferably includes the same or the
similar materials, or the cap layer 138 may include any proper
materials that can also be removed 1n the process of removing,
the first the hard mask 104a. For example, both the cap layer
138 and the first hard mask 104a may include mitrides, but not
limited thereto. The thickness of the cap layer 138 may be
adjusted as required. For mstance, when the thickness of the
spacer 134 1s about 60 micrometers, and the required space
from the gate stack to the epitaxial region 1s about 120-140
micrometers, the cap layer 138 may have a thickness about
120 micrometers.

As shown 1n FI1G. 7, an anisotropic etching process may be
performed 1n the second transistor region 116. The anisotro-
pic etching process may first remove portions of the cap layer
138 disposed on the substrate 112 and on the top surface of the
gate stacks, so the substrate 112 at two opposite sides of the
gate stack may be exposed, and next the amisotropic etching
process may further etch the substrate 112 to form two
recesses 1n the substrate 112 at the two opposite sides of the
gate stack respectively. In another embodiment, an 1sotropic
etching process can be performed for etching the substrate
112 toward the channel (not shown) after forming the
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6

recesses. Following that the mask layer 140 disposed in the
first transistor region 114 might be removed.

As shown 1 FIG. 8, an epitaxial growth process may be
carried out 1n the second transistor region 116 to form epi-
taxial regions 1n the recesses respectively. The epitaxial
region can be applied as the source/drain regions 142 of the
second transistor, and for example may include silicon ger-
mamum, but not limited thereto. The height of the epitaxial
region may be higher than (not shown) or equal to the surface
of the substrate 112 and the formation of the epitaxial region
may be semi-polygon, such as semi-hexagon (not shown).
Afterward, an etching process including a hot phosphoric
acid bath may be selectively performed to remove both the
remaining cap layer 138 and the first hard mask 104a.
Accordingly, the present invention may easily be integrated
with the epitaxial growth process, and needs no additional
process of removing the compound hard mask 108a. In addi-
tion, N-type source/drain regions 144 may be formed 1n the
first transistor region 114 for the NMOS transistor; and a
salicide process may be performed to form silicides 146 on
the N-type source/drain regions 144, the P-type source/drain
regions 142 and selectively on the poly-silicon layer 128.
Therefore, a metal gate transistor 150 and a metal gate tran-
sistor 160 of the present invention are formed in the first
transistor region 114 and the second transistor region 116
respectively. In another embodiment of this invention, both
the remaining cap layer 138 and the first hard mask 104aq are
not removed by hot phosphoric acid solution and the silicides
146 1s not formed on the poly-silicon layer 128.

It should be noted that, the above-mentioned step serial
numbers are not meant thereto limit the operating sequence,
and any rearrangement of the operating sequence for achiev-
ing same functionality may be accepted. For example, the
source/drain regions 144 may be implanted before the growth
of the source/drain regions 142. In other embodiments,
another spacer (not shown) can be formed after the growth of
the source/drain regions 142, and next the source/drain
regions 144 may be formed. The number and the positions of
the above-mentioned spacers may be adjusted as required.

Accordingly, since the patterned photoresist 1s removed
before forming the gate stack, the gate stack 1s protected from
damages of the photoresist-removing process. In addition, the
remaining nitride cap layer 138 can be easily removed 1n the
tollow-up SEG process without additional etching process, so
the method of the present invention may benefit by the simple
procedure. Adopting of the compound hard mask 108a can
improve the gate profile. For forming a gate having a proper
profile, performing time period of the gate-etching process
should be long enough, and therefore lots of the hard mask
may be consumed. In light of this, the hard mask should be
thick enough to bear the gate-etching process. However, 1t 1s
more different to trim a thick hard mask, so the trimming step
may take a long time or the critical dimension might be
aifected. Thus, the present invention may reduce the process
time and effectively controls the valve critical dimension due
to the compound hard mask 108a.

In other embodiments, the above-mentioned first mask
layer 104 and second mask layer 106 may have the same
material. In other words, the above-mentioned compound
hard mask 108a may be replaced by a single-layer structure in
the present mnvention. Please refer to FIG. 9. FIG. 9 illustrates
a method of forming a metal gate transistor according to a
second embodiment of the present invention. As shown 1n
FIG. 9, the main difference between the second preferred
embodiment and the first preferred embodiment 1s that, the
hard mask 208 having a single-layer structure 1s used 1n the
second preferred embodiment in place of the compound hard
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mask 108a of the first preferred embodiment, and the hard
mask 208 may include nitride. Thus, 1n the step of forming the
gate stacks, the hard mask 208 may be thinned 1n the dry
etching process, and portions of the hard mask 208 still
remain. Afterward, both the remaining cap layer 138 and the
remaining hard mask 208 may be removed by the hot phos-
phoric acid bath, but not limited thereto.

The above-mentioned embodiments all take the metal gate
transistor formed by the SEG process as instance, which may
be applied to high power devices, but the present invention
should not be limited thereto. In other embodiments, the
present invention may be integrated with the metal gate tran-
sistor without the SEG process, which may be applied to low
power devices. Please refer to FIGS. 10-12. FIGS. 10-12
illustrate a method of forming a metal gate transistor accord-
ing to a third embodiment of the present invention. As shown
in FIG. 10, the main difference between the third preferred
embodiment and the first preferred embodiment 1s that, the
compound hard mask 308a includes the first hard mask 306a
and the second hard mask 304«, and the first hard mask 3064
and the second hard mask 304a may preferably include an
oxide layer and a nmitride layer respectively 1n the third pre-
terred embodiment.

As shown 1n FIG. 11, the second hard mask 304a may be
removed by the above-mentioned dry etching process 1n the
step of forming the gate stacks, while the first hard mask 3064
may remain in this embodiment, but not limited thereto.

As shown 1n FIG. 12, the first hard mask 3064 having oxide
may be removed by a dilute hydrofluoric acid solution; oifset
spacers 132 and spacers 134 may be formed on sidewalls of
the metal gate stacks; lightly doping regions 136a and lightly
doping regions 1365 may optionally be formed 1n the first
transistor region 114 and the second transistor region 116
respectively; source/drain regions 144 and source/drain
regions 148 may optionally be formed 1n the first transistor
region 114 and the second transistor region 116 respectively;
and a salicide process may be performed to form silicides 146
on the N-type source/drain regions 144, the P-type source/
drain regions 148 and selectively on the poly-silicon layer
128. Therefore, a metal gate transistor 350 and a metal gate
transistor 360 of the present invention are formed in the first
transistor region 114 and the second transistor region 116
respectively. It should be noted that, the above-mentioned
step serial numbers are not meant thereto limit the operating
sequence, and any rearrangement of the operating sequence
for achieving same functionality may be accepted.

In other embodiments, the first hard mask 306a and the
second hard mask 304a may both 1include oxide, and form a
single-layer structure as the hard mask 208 shown in FI1G. 9.
Thus, the remaiming hard mask 208 may also be removed by
a dilute hydrotluoric acid solution, but not limited thereto. In
such a case, the transistors may be applied to low power
devices.

It 1s needed to know that the above embodiments are 1llus-
trated taking gate-first methods as an example. However, as
known by any one of ordinary skill in the art, the present
invention can also be applied 1into gat-last methods and struc-
tures. In another embodiment of this invention, as shown 1n
FIG. 13, before performing the salicide process, the cap layer
138 shown 1n FI1G. 7 may be removed firstly and the first hard
mask 104a 1s remained. Then the salicide process 1s per-
formed to form silicides 146 on the N-type source/drain
regions 144 and the P-type source/drain regions 142.

As shown in FI1G. 14 and FIG. 15, a dielectric layer 410 1s
formed on the substrate 112. Then, the dielectric layer 410 1s
planarized and the first hard mask 104a 1s removed simulta-
neously. Accordingly, the poly-silicon layer 128 of the gate
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structure 1s exposed. As shown 1n FIG. 16, the poly-silicon
layer 128 1s removed so that an opening 412 exposing the
work function metal layer 126. Following that, a work func-
tion metal layer 12656 1s filled into the opening 412 and cov-
ering the sidewalls of the opening 412 and the work function
metal layer 126. Specifically, a conformal metal-containing
material (not shown) 1s formed on the dielectric layer 410 and
then the portions of the metal-containing material outside of
the opening 412 are removed to form the work function metal
layer 1265. Then, a conductive layer 420 1s filled onto the
work function metal layer 1265 thereby obtaining a gate-last
type metal gate transistor 450 and 460. It should be noted that
the materials of the work function metal layer 1265 formed in
the PMOS transistor are difierent from that of the work func-
tion metal layer 1265 formed 1in the NMOS transistor, and the
forming process of those are different.

In summary, since the patterned photoresist 1s removed
before forming the gate stack, the gate stack 1s protected from
damages of the photoresist-removing process. The photore-
s1st-removing process does not attack the sidewalls of the gate
stack, so a bird’s beak effect of the gate dielectric layer 1s
prevent, and the formed transistors can have improved elec-
trode characteristics. Furthermore, the present invention can
casily remove the remaining hard mask without additional
etching process, no mater the hard mask includes a nitride
mask or an oxide mask disposed on the surface of the poly-
silicon layer, so the method of the present invention may
benefit by the simple procedure. Moreover, the present inven-
tion may reduce the process time and effectively controls the
valve critical dimension due to the compound hard mask.

While the invention has been described 1n terms of what 1s
presently considered to be the most practical and preferred
embodiments, 1t 1s to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it 1s intended to cover various modifications and similar
arrangements 1ncluded within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What 1s claimed 1s:
1. A method of forming metal gate structure, comprising:
providing a substrate;
forming a gate dielectric layer, a material layer and a poly-
silicon layer stacked on the substrate;
forming a first mask layer on the poly-silicon layer;
forming a second mask layer on the first mask layer;
forming a patterned photoresist on the second mask layer;
removing portions of the second mask layer and portions of
the first mask layer to form a hard mask including a first
hard mask and a second hard mask by utilizing the
patterned photoresist as an etching mask;
removing the patterned photoresist;
removing portions of the poly-silicon layer and portions of
the matenial layer to form a gate stack by utilizing the
hard mask as an etching mask after removing the pat-
terned photoresist while the first hard mask of the hard
mask being remained;
forming two source/drain regions in the substrate at the two
opposite sides of the gate stack respectively; and
performing an etching process to remove the first hard
mask of the hard mask after the two source/drain regions
1s formed.
2. The method of claim 1, wherein a resistance of the
material layer 1s lower than 100 p-ohm-cm.
3. The method of claim 1, wherein the material layer 1s
either a single layer structure or a multiple-layer structure.
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4. The method of claim 1, wherein the material layer com-
prises titanium nitride (TiN).

5. The method of claim 1, wherein the material layer 1s a
multiple-layer structure comprised of a titanium nitride layer
and a tantalum mitride layer.

6. The method of claim 1, wherein the hard mask 1s an
oxide mask or a nitride mask.

7. The method of claim 1, wherein the first mask layer and
the second mask layer consist of different materials.

8. The method of claim 1, wherein the first mask layer
comprises a nitride layer, and the second mask layer com-
prises an oxide layer.

9. The method of claim 1, wherein the first mask layer
comprises an oxide layer, and the second mask layer com-
prises a mitride layer.

10. The method of claim 1, further comprising:

removing portions of the gate dielectric layer by utilizing

the hard mask as an etching mask after forming the gate
stack.

11. The method of claim 1, wherein removing portions of
the poly-silicon layer and portions of the material layer to
form the gate stack after removing the patterned photoresistis
configured for protecting a sidewall of the gate stack from
hurt so that a bird’s beak effect of the gate dielectric layer 1s
prevent.

12. A method of forming metal gate structure, comprising:

providing a substrate;

forming a gate dielectric layer, a metal compound layer and

a poly-silicon layer stacked on the substrate;
forming a first mask layer on the poly-silicon layer;
forming a second mask layer on the first mask layer;
forming a patterned photoresist on the second mask layer;
removing portions of the second mask layer and portions of

the first mask layer to form a hard mask including a first

hard mask and a second hard mask by utilizing the
patterned photoresist as an etching mask;

removing the patterned photoresist;

removing portions of the poly-silicon layer and portions of
the metal compound layer to form a gate stack by utiliz-
ing the hard mask as an etching mask after removing the
patterned photoresist while the first hard mask of the
hard mask being remained;

10

15

20

25

30

35

40

10

forming two source/drain regions in the substrate at the two
opposite sides of the gate stack respectively; and

performing an etching process to remove the first hard
mask of the hard mask after the two source/drain regions
1s Tormed.

13. The method of claim 12, wherein a resistance of the
metal compound layer 1s lower than 100 u-ohm-cm.

14. The method of claim 12, wherein the metal compound
layer 1s a single layer structure or a multiple-layer structure.

15. The method of claim 12, wherein the metal compound
layer comprises titanium nitride (TiN).
16. The method of claim 12, wherein the metal compound

layer 1s a multiple-layer structure comprised of a titanium
nitride layer and a tantalum nitride layer.

17. The method of claim 1, wherein the step of forming the
source/drain regions Comprises:

forming a cap layer to cover the substrate and the gate
stacks overall;

performing an anisotropic etching process to remove por-
tions of the cap layer and to form two recesses in the
substrate at the two opposite sides of the gate stack
respectively and to leave a remained cap layer; and

performing an epitaxial growth process to form the two
source/drain regions 1n the two recesses;

wherein the remained cap layer 1s removed by the etching
process together with the first hard mask.

18. The method of claim 12, wherein the step of forming
the source/drain regions comprises:

forming a cap layer to cover the substrate and the gate
stacks overall;

performing an anisotropic etching process to remove por-
tions of the cap layer and to form two recesses in the
substrate at the two opposite sides of the gate stack
respectively and to leave a remained cap layer; and

performing an epitaxial growth process to form the two
source/drain regions 1n the two recesses;

wherein the remained cap layer 1s removed by the etching
process together with the first hard mask.
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